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Introduction:

We have engineered the endoplasmic reticulum resident heat shock protein gp96
to delete the KDEL retention signal and replace it with the Fc region of IgG1. Because
gp96 has previously been shown to chaperone peptides and to be immunogenic when
isolated from tumor cells, we hypothesized that secreted gp96-Ig may carry along bound
peptides. When secreted from tumor cells gp96-Ig would induce an immune response to
the tumor by activation of CD8 cells. The work was designed and planned to test whether
CTL activation could be achieved, and whether CTL activation was antigen specific.

The results indicate: i. that antigen specific CTL activation by secreted gp96-Ig
can be achieved in vivo; 7i. that this activation results in dramatic T cell expansion; iii.
that T cell expansion can lead to tumor rejection and is therapeutically useful; and iv. that
unexpected molecular mechanisms, involving perforin are participating in both NK and T
cell expansion.




Body:

Previous data

Heat shock proteins can control CD8 CTL expansion. Several heat shock proteins
carrying bound (chaperoned) peptides are bound by the major endocytic receptor CD91
(the on-macroglobulin receptor) on dendritic cells and macrophages (1, 2). After
endocytosis by dendritic cells or macrophages, the heat shock protein-chaperoned
peptides are channeled into the class-I MHC presentation pathway where they are
powerful activators of cognate CD8 CTL (3, 4). Binding of heat shock proteins to CD91
and endocytosis serves as a novel maturation signal for dendritic cells which is
independent of CD40-L/CD40 interaction (5). Based on this information, in vivo secreted,
peptide-carrying heat shock proteins were predicted to activate cognate CD8 CTL
without CD4 help, in vivo. As reported previously, this was confirmed in a tumor model
using the ovalbumin transfected EL4 lymphoma line, EG7. The endoplasmic reticulum
(ER) resident heat shock protein gp96 is normally retained in the ER through its C-
terminal KDEL sequence. Replacement of gp96’s KDEL with the Fc-portion of IgG1
and its transfection into EG7 (EG7-gp96lg) results in secretion of soluble gp96lg,
together with peptides chaperoned by the heat shock protein. EG7 are highly tumorigenic
and irradiated EG7 do not induce protective tumor immunity. In contrast, EG7-gp96Ig
secreting the soluble heat shock protein with its chaperoned peptides (including
ovalbumin derived), are rejected and induce protective and specific tumor immunity (6)
(manuscript appended). EG7-gp96Ig rejection is dependent CDS cells in both the afferent
and efferent phase of the immune response. Depletion of CD4 cells by antibody or use of
CD4 k.o. mice has no effect on rejection, while CD8 depletion results in tumor growth of
EG7-gp96lg.

New data

Secreted heat shock protein gp96Ig: an analytic tool for quantitation of CD8 cell
expansion and contraction. Secreted heat shock protein gp96Ig generates a tumor
rejecting and tumor protective immune response in vivo in syngeneic mice (6). EG7, an
H2b tumor cell generated by ovalbumin transfection of the murine EL4 lymphoma,
causes a 100% tumor incidence when transplanted at 10° cells or more s.c. Transfection
of EG7 with gp96Ig, but not with vector alone, results in EG7-gp96lg rejection by CD8
cells and generation of tumor immunity to the untransfected tumor EG7 and to ELA4.
Rejection is CD4 cell independent in both the afferent and efferent phase of the immune
response, but requires CD8 cells.

These results suggested that in vivo secreted or released gp96 is a powerful
immune stimulus for CD8 cells independent of concurrent CD4 help. Mechanistically we
found that gp96Ig binds to the endocytosis-receptor CD91 on dendritic cells and
macrophages. Endocytosis of CD91 is accompanied by DC maturation and by re-
presentation of gp96Ig bound peptides by class I MHC on the dendritic cells, resulting in
activation of cognate CDS cells without CD4 help (5).

Quantitation of CD8 expansion and contraction. C57Bl/6 (B6) mice were injected i.v.
with one million purified OT1 cells, isolated from C57Bl/6 ova-TCR (KP-STINFEK specific)
transgenic splenocytes. Two days later the mice received one million EG7-gp96Ig
intraperitoneally secreting gp96lg at a rate of 50ng per 10° cells per 24 hours. At different




time intervals after injection of EG7-gp96Ig, samples were obtained from injected and
from control mice (receiving untransfected EG7) and analyzed for the frequency of OT1
cells by tetramer analysis using k"- tetramers (obtained from the NCI facility) loaded with

SIINFEKL (ova-peptide).

Adoptive transfer of 1 million OT1 cells into w.t. B6 mice results in a frequency
of 0.740.14% (SEM) of
day -2 0 7 14 21 OT1 .cells .in the CD8
* * gate in peripheral blood
* > or spleen (n =13). One
011 Analyze Analyze Analyze week after i.p. injection
Eg7-gp96-1g boost Eg7-gp96-1g of EG7-gp96lg, the OT1
=y cells had expanded to
€0, OT1 Expansion o 1 dayo '°'68 24.9+3.1% frequen.cy of
c o < 1 o~ all CD8 cells. Without
_ o} el further boosting OT1 cell
g T109 ' 10?2 0% 109 frequencies contracted in
vgao T"_c_, y — the second week to
ﬁ 201 21 day 21 514 between 18.7+1.9% of
2 1ol £ ] the CD8 cells. A booster
) ;if*gi injection of BG7-gp96lg
Day 0 Day 7 Day 14Day 21 §°9 A e v aum? on day 14 resulted in
Tire = 808 ‘p% " dramatic further expan-
sion. of OTI1 to
Figure 1: Expansion of OT1 in syngeneic B6 mice after vaccination | 49.5+3.7% frequency
with EG7- gp96Ig The time line on top gives the sequence of | among all CD8 cells

treatments. 10° purified OT1 were injected i.v, followed on day 0 and (Fig.l)

14 by 10° EG7-gp96lg. Blood samples were obtained sequentially and
analyzed The histogram shows the mean of the percentage of Kb-ova-
tetramer positive cells (+SEM) within the CD8 gate. The right panels
shows representative FACS plots on day O and day 21 after EG7-

gp96lg.

The results pre-
sented in Fig. 1 are
highly reproducible and
have been consistently

observed in 13 mice in

several experiments. Cognate CD8 (OT1) expansion was expected, because the secreted

gp96lg is known to carry ovalbumin
derived peptides (6), however the
extent of CD8 expansion by secreted
gp96lg was quite surprising. An
expansion to ~25% after one
immunization, and to 50% after one
booster has not been reported for a
vaccine (to the best of our knowledge),
including peptide pulsed dendritic cells.
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A comparable expansion of CD8 is seen only with some infectious agents, including
LCMV and to a lesser extent Listeria monocytogenes, both of which infect
monocyte/macrophages and cause strong CD8 CTL expansion (see above, background).

The expanded OT1 CTL are fully functional with regard to Ifn-y production. In
ELI-spot assays the increase in the number of Ifn-y producing cells in response to EG7
was parallel to the increase of tetramer positive cells (fig. 2). It is evident that the ELIspot
assay underestimates the frequency of tumor specific cells, probably because EG7 does
not present ova peptide efficiently.

Gp96lg is secreted by live tumor cells, EG7-gp961g. Although the cells divide,
the rate of replication is minimal compared to viral replication. Unlike virus infection,
EG7-gp96lg do not cause tissue damage do not create an inflammatory stimulus after
transplantation. However, the secretion of gp96Ig and its binding to CD91 on dendritic
cells, causes DC maturation and CD8 CTL activation and expansion followed by
rejection of the transplanted EG7-gp96Ig tumor cells.

Perforin is required for gp96Ig mediated CD8 CTL expansion. Having in hand a
sensitive assay for CD8 CTL expansion and contraction in vivo, we studied the function
of several genes in CD8 homeostasis. Evaluating the role of cytotoxic molecules, the

60 by
21 PO Figure 3: Perforin deficiency
50 T dav 0 0.5 abolishes OT1 expansion in
NN PKO o 4 98
p—— T : response  to EG7-gp96lg.
o =gd 1 R PKO (n = 7) perforin
MBS Wt 2, ] deficient; cdd (n =

10? 10' 10 10° 10! | perforin/Fasligand  double
PE
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- _ ligand defective; B6 w.t. (n =
20 c-;;_ PKO 7) wilt type C57Bl/6. The
o ] dav2t | 379{ . two right panels show FACS
10 <Ry R dot plots of APC (tetramer)
s 20 e positive cells within the CD8
olemm . s S0 A rermarr el gate and on day 0 and day 21
0 7 1 21 27100 10! 10f 10° 104 post EG7-gp96lg in PKO

Days after EG7-gp96-lg cbg PE —> mice.

deficient; gld (n = 2) Fas-

expansion of OT1 cells by gp96lg was measured in syngeneic
(B6) perforin deficient mice (PKO), in Fas-Ligand defective (gld) mice and in Fas-
L/perforin, cytotoxic double deficient (cdd) mice. Surprisingly, the absence of perforin
completely abolished OT1 expansion (Fig. 3). In PKO mice and in cdd (perforin/Fas-
ligand double deficient) mice OT1 did not expand in response to EG7-gp96Ig, while gld
mice showed comparable expansion to wild type B6 mice after 7 and 14 days (Fig.3).
The adoptive transfer of perforin-containing OT1 to perforin deficient mice could
have caused an immune response to perforin in OT1. To exclude this possibility, the OT1
TCR transgene was bred into the PKO background to generate perforin deficient OT1
cells. Adoptive transfer of perforin deficient OT1 into perforin deficient mice and
subsequent stimulation with EG7-gp96lg did not restore OT1 expansion (data not
shown), excluding the possibility of an immune response to perforin. In another test we
measured the expansion of endogenous kb-SIINFEKL-tetramer reactive CD8 cells. EG7-
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gp96lg caused the 4-fold
expansion of endogenous tetra-
mer-reactive CD8 cells in wild
type mice but not in PKO mice
(Fig.4).

It is evident therefore,
that perforin is required for CD8
CTL expansion in vivo in
response gp96lg stimulating
maturation of dendritic. Fas-
ligand is unable to substitute for
perforin in PKO mice. Since
neither perforin-containing nor
perforin-deficient OT1 expand
in PKO mice, it is also clear that

Figure 4: Perforin is required for expansion of endogenous K*

it is not the perforin in the
cognate CD8 CTL themselves,

>N reactive CD8 cells by EG7-gp96lg. Normal B6 w.t. and | i.e. in OTI, that helps OTI
Perforin deficient (PKO) mice received 10° EG7-gp96lg i.p. expansion in wild type mice.
The frequency of tetramer positive cells was tested on day 0, 7 Cells providing perforin for

and 14 and is plotted relative to the frequency on day 0.

OT1 expansion may be NK

cells. While CD4 cells can also express perforin, they are less likely to be responsible for
OT1 expansion based on our published finding that EG7gp96Ig can stimulate CD8 CTL

mediated immunity without CD4 help (6).

LCMV also causes dramatic expansion of cognate CD8 CTL in wild type mice
but also in perforin deficient mice (7-10). Badovinac et al found that absence of perforin
enhanced the expansion of CD8 cells in a primary response to Listeria (11). On the other
hand gp96lg under the conditions described here causes comparable expansion of
cognate CD8 CTL in wild type mice, but no expansion in perforin deficient mice. This
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Figure 5: Expansion of NK cells upon gp96lg
vaccination in w.t. mice but not in perforin deficient
mice. W.T. mice or PKO mice received 106 EG7-
gp96lg i.p. NK proliferation was measured in
peripheral blood on day 1, 5, 7 and 14.

unexpected difference points to an
important role for perforin in CD8
expansion,  presumably  under
conditions where there is minimal
tissue damage and inflammation.

Tumor secreted Gp96-Ig causes
NK cell expansion preceding CTL
expansion Expnasion of NK cells
was measured by flow cytometry
using the NK1.1 antibody. NK cells
upon vaccination with EG7-gp96Ig
expanded from a base line of about
10% to more than 30% of all
peripheral blood mononuclear cells
within 5 days and subsequently
declined up to day 14 (Fig. 5).




Interestingly, NK cell expansion also did not take place in the absence of perforin,
indicating that perforin plays a critical role in NK and CTL activation by gp96.

Established tumors interfere with CD8 CTL expansion mediated by secreted
gp96lg. The dramatic expansion of cognate CD8 CTL in response to tumor secreted
gp96lg and the ability to quantitate the response allows a detailed investigation of the
influence of established tumors on the CD8 CTL homeostasis. Conversely it is also
possible with this methodology to ask how CD8 CTL frequency relates to tumor rejection
and to elucidate genetic components required in the process.

The experimental model

day 0 7 9 18 described above was modified in
EG7 EG7-gp96-lg OT1 Analyze the following way. Wild type
\ 2R / . mice received one million EG7
or (not-secreting gp961g) subcutane-
OT1 EG7-gp96-ig ously to allow tumor establish-
" ] OT1 frequency one week after ment for .7 days. On day 7 the
§ EG?-gngIg i%' the presence mice received 1 million .OTl Lv.;
pt and absence of EG7 two days later the mice were
£ 207 injected with 1 million EG7-gp-
ZE 96-Ig. OT1 expansion was mea-
’g o — / sured after additional seven days.
8 104 Not surprisingly, OTI1
° expansion  was  significantly
ES diminished by the 7 day old EG7
0 = tumor (Fig. 6, left column). To
EG7 day 0 day 0 None determine whether the diminished
om day 7 day 9 day 7 OT1 response was due to their
EG7-gp96-lg day 9 day 7 day9

presence for two days in the EG7
tumor-bearing mouse, prior to

Figure 6: Exposure to pre-existing w.tEG7 tumor : :
interferes with OT1 expansion. Mice received 108 EG7 s.c. gpY6lg stimulation or whether
or no tumor. On day 7, 10° OT1 or EG7-gp96lg were the 7day tumor may h’a_ve altered
given, followed on day 9 by 10° EG7-gp96lg or OT1, | the response of dendritic cells to
respectively. Seven days later OT1 expansion was | gp96lg, the following variation of

measured in spleen and blood by tetramer staining. the experiment was done. EG7
was established for 9 days as
above; then 1 million EG7gp96Ig was given i.p., followed on the same day by 1 million
OT1 i.v. In this experiment OT1 are exposed concurrently to EG7 and to EG7-gp96lg.
Under these conditions OT1 expansion is restored almost completely (compared to no
EG7) (Fig 6).

The results suggest that the presence of an established EG7 tumor, not secreting
gp96lg, is able to induce anergy in OT1 cells, thought to be due to lack of costimulation,
in agreement with other reports (12-14). When EG7 and EG7-gp96lg are present
concurrently, anergy induction in OT1 is prevented and the OT1 become activated
through secreted gp96lg and its uptake by dendritic cells.

While induction of anergy in T cells by tumors is a well-documented
phenomenon, it has not been easy to quantify in vivo. The experimental system outlined




above allows a detailed analysis and quantification of the induction of CD$ anergy in
vivo. More importantly, the experimental system also allows analysis of mechanisms that
may prevent anergy and block the establishment of tolerance to the tumor. Finally, the
system is suitable for the determination of trafficking of in vivo activated CD8 CTL.

Successful tumor therapy with gp96-Ig vaccines requires multiple vaccinations. The
induction of T cell anergy by tumors suggested attempts to break anergy by frequent
vaccinations and boosting. As shown in in Fig 7 below, rejection of established tumors is
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Figure 7: C57B1/6 mice
received 2x10° EG7 tumor
cells s.c. in the right flank. As
vaccine 10° EG7-gp96lg was
injected s.c. in the left flank
on the days indicated.
Irradiated EG7 and LLC-
gp96lg served as controls for
specificity. No treatment is
hown in open circles.

possible when immunizations are carried out daily or even twice daily. Irradiated EG7 or
LLC producing gp96lg are ineffective
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Even immunization every other day with EG7-gp96lg is ineffective as shown in Fig. 8.

When immunization was carried out twice daily with 10° EG7-gp96lg,

Therapeutic effects were seen even when the tumor was allowed to establish itself for 5
or 7 days (Fig. 9). This is a remarkable finding, since the doubling time of EG7 is about
14 hours. It is extremely difficult to obtain therapeutic effects against this tumor once it is
well established in vivo.

The therapeutic effect of the secreted heat shock protein could also be demonstrated in
Lewis lung carcinoma (LLC) (fig. 10), a mouse tumor that is resistant to many forms of

Figure 8: Therapeutic effect on LLC
800.0 of LLC-gp96Ig vaccination. 105 LLC
& ) cells were implanted s.c. into the right
g 5000 —O—nNo therapy | flank of C57BL/6 mice on day 0 (n=10-
+ 400.0 —t— | C 13). Next, 1 X 106 irradiated LLC,
300.0 —— || C-gp96-ig irradiated LL'C-'gp96-Ig, I?.G7-gp96—lg
200.0 —8—E G7.9p96-Ig or PBS were mjt?cted s.c. into the left
100.0 flank of these mice on day 3, 7, 10 and
’ 14. The speed of LLC growth was
0.0 remarkably suppressed in the mice
0 10 20 treated with LLC-gp96-Ig (statistically
Day significant for almost all the observation
periods), while control E.G7-gp96-Ig,
LLC or PBS treated mice showed almost
treatment. the same growth speed.

Key research accomplishments:

Gp96 engineered to be secreted carries peptides

Tumor secreted gp96-Ig is highly immunogenic and tumor specific

Immunization by gp96-Ig depends on CD8 CTL and is independent of CD4 help in
the afferent and efferent phase

Immunization by gp96-Ig results in dramatic expansion of cognate CD8 CTL
Frequencies of cognate CD8 CTL achieved upon gp96-Ig immunization are higher
than observed in any other vaccine and resemble T cell expansion in certain viral
infections

Gp96-Ig vaccination is highly effective for tumor therapy

Vaccinations need to be done daily or twice daily to be effective for rapidly growing
tumors

The mechanism of CD8 CTL stimulation by gp96-Ig relies on the activation of
dendritic cells without CD4 help and channeling of the petide antigne to the class I
MHC presentation pathway.

CTL expansion mediated by gp96-Ig is dependent on the presence of perforin, but
independent of Fas-Ligand




e GpY6-Ig vaccination also results in the dramatic expansion of NK cells, which also is
dependent on the presence of perforin.

Reportable outcomes:

1. Publications 1999 to 2001

See reference (6, 15-32) in the reference list

2. Abstracts

CD40 independent priming of protective T cell immunity against tumor cells engineered
to secrete a heat shock protein gp96

Jie Dail, Diliana Stoiloval, Sreyashi Basul, Robert J Binderl, Eckhard R Podack2 and
Zihai Li1* (1% International Het Shock Conference, Farmington 1999)

Characterization of MHC restricted CTL for the isolation of tumor antigens

Koichi Yamazaki and Eckhard R .Podack (DOD Breast Cancer Meeting, Atlanta, 2000)
CD30 downregulates cytotoxic lymphocytes through several synergistic pathways
Hiromi Muta and Eckhard R. Podack (FASEB, San Francisco 2000)

Death receptor systems and Perforin in lymphocyte mediated cytotoxicity and
homeostasis

Eckhard R. Podack (Neuro AIDS Program meeting, Miami, 2000)

Tumor Secreted Heat Shock-Fusion Protein Causes Rapid Expansion of Cognate TCR
Transgenic CD8 CTL in vivo, which is Dependent on the Presence of Perforin in the
Host

Natasa Strbo and Eckhard R. Podack (FASEB, Orlando 2001)

CD30-Ligand Deficient Mice are Resistant to Experimental Allergic Encephalitis (EAE)
Hiromi Muta*, Gisela Caceres*, P. June Ohata and Eckhard R. Podack (FASEB, Orlando
2001)

3. Funding applied for

Grant title and No

Conclusions:

Secreted heat shock proteins have been shown to be highly effective tumor vaccines.
They can reject established tumors through the activation of CD8 CTL. Best effects are
obtained by frequent boosting.

The mechanism of CD8 CTL activation has been established. Secreted gp96-Ig is taken
up by CD91 on dendritic cells. Uptake results in activation of dendritic cells and
transporting pg96-bound peptides to the class I MHC presentation pathway. Activated
dendritic cells activate NK cells and CD8 cells in a pathway that requires the presence of
perforin and that is abrogated in perforin deficient mice. The mechanism of perforin
action in this sequence is under investigation.

So what?

The results are used to implement clinical and preclinical trials using secreted gp96-Ig for
lung cancer, for gynecological cancers and for HIV. In addition a grant proposal is
pending to study the molecular mechanisms of gp96-Ig mediated NK and CTL expansion
and contraction.




References: Dr. Podack’s publications during the grant period are not bolded.

1.

10.

11.

12.
13.

14.

Basu, S., R.J. Binder, T. Ramalingam, and P.K. Srivastava. 2001. CD91 is a
common receptor for heat shock proteins gp96, hsp90, hsp70, and
calreticulin. Immunity 14, no. 3:303.

Binder, R.J., D.K. Han, and P.K. Srivastava. 2000. CD91: a receptor for heat
shock protein gp96. Nat Immunol 1, no. 2:151.

Singh-Jasuja, H., H.U. Scherer, N. Hilf, D. Arnold-Schild, H.G. Rammensee,
R.E. Toes, and H. Schild. 2000. The heat shock protein gp96 induces
maturation of dendritic cells and down-regulation of its receptor. Eur J
Immunol 30, no. 18:2211.

Singh-Jasuja, H., R.E. Toes, P. Spee, C. Munz, N. Hilf, S.P. Schoenberger, P.
Ricciardi-Castagnoli, J. Neefjes, H.G. Rammensee, D. Arnold-Schild, and H.
Schild. 2000. Cross-presentation of glycoprotein 96-associated antigens on
major histocompatibility complex class I molecules requires receptor-
mediated endocytosis. J Exp Med 191, no. 11:1965.

Dai, D., D. Stoilova, S. Basu, R. Binder, E. Podack, and Z. Li. 2000. CD40
independent priming of protective T cell immunity against tumor cells
engineered to secrete a heat shock protein gp96. 2nd HSP conference,
Farmington.

Kagi, D., B. Ledermann, K. Burki, P. Seiler, B. Odermatt, K.J. Olsen, E.R.
Podack, R.M. Zinkernagel, and H. Hengartner. 1994. Cytotoxicity mediated
by T cells and natural Killer cells is greatly impaired in perforin-deficient
mice. Nature 369, no. 6475:31.

Lowin, B., F. Beermann, A. Schmidt, and J. Tschopp. 1994. A null mutation
in the perforin gene impairs cytolytic T lymphocyte- and natural killer cell-
mediated cytotoxicity. Proc Natl Acad Sci U S A 91, no. 24:11571.

Walsh, C.M., M. Matloubian, C.C. Liu, R. Ueda, C.G. Kurahara, J.L.
Christensen, M.T. Huang, J.D. Young, R. Ahmed, and W.R. Clark. 1994.
Immune function in mice lacking the perforin gene. Proc Natl Acad Sci U S A
91, no. 23:10854.

Matloubian, M., M. Suresh, A. Glass, M. Galvan, K. Chow, J.K. Whitmire,
CM. Walsh, W.R. Clark, and R. Ahmed. 1999. A role for perforin in
downregulating T-cell responses during chronic viral infection. J Virol 73,
no. 3:2527.

Badovinac, V.P., A.R. Tvinnereim, and J.T. Harty. 2000. Regulation of
antigen-specific CD8+ T cell homeostasis by perforin and interferon-gamma.
Science 290, no. 5495:1354.

Schwartz, R.H. 1997. T cell clonal anergy. Curr Opin Immunol 9, no. 3:351.
Pawelec, G., S. Heinzel, R. Kiessling, L. Muller, Q. Ouyang, and J. Zeuthen.
2000. Escape mechanisms in tumor immunity: a year 2000 update. Crit Rev
Oncog 11, no. 2:97.

Ohlen, C., M. Kalos, D.J. Hong, A.C. Shur, and P.D. Greenberg. 2001.
Expression of a tolerizing tumor antigen in peripheral tissue does not
preclude recovery of high-affinity CD8+ T cells or CTL immunotherapy of
tumors expressing the antigen. J Immunol 166, no. 4:2863

10




Publications:

6.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Yamazaki, K., T. Nguyen, and E.R. Podack. 1999. Cutting edge: tumor secreted
heat shock-fusion protein elicits CD8 cells for rejection. J Immunol 163, no.
10:5178.

Jiang, Z., E. Podack, and R.B. Levy. 2001. Major histocompatibility complex-
mismatched allogeneic bone marrow transplantation using perforin and/or Fas
ligand double-defective CD4(+) donor T cells: involvement of cytotoxic function
by donor lymphocytes prior to graft-versus-host disease pathogenesis. Blood 98,
no. 2:390.

Ohshima, K., H. Muta, C. Kawasaki, K. Muta, V. Deyev, M. Kanda, Y. Kumano,
E.R. Podack, and M. Kikuchi. 2001. BcllO expression, rearrangement and
mutation in MALT lymphoma: Correlation with expression of nuclear factor-
kappaB. Int J Oncol 19, no. 2:283.

Hnatyszyn, H.J., E.R. Podack, A.K. Young, R. Seivright, G. Spruill, and G.
Kraus. 2001. The use of real-time PCR and fluorogenic probes for rapid and
accurate genotyping of newborn mice. Mol Cell Probes 15, no. 3:169.

Muta, H., L.H. Boise, L. Fang, and E.R. Podack. 2000. CD30 signals integrate
expression of cytotoxic effector molecules, lymphocyte trafficking signals, and
signals for proliferation and apoptosis [In Process Citation]. J Immunol 165, no.
9:5105.

Prpic, L., N. Strbo, V. Sotosek, F. Gruber, E.R. Podack, and D. Rukavina. 2000.
Assessment of perforin expression in peripheral blood lymphocytes in psoriatic
patients during exacerbation of disease. Acta Derm Venereol Suppl (Stockh), no.
211:14.

Rukavina, D., and E.R. Podack. 2000. Abundant perforin expression at the
maternal-fetal interface: guarding the semiallogeneic transplant? Immunol Today
21, no. 4:160.

Petito, C.K., A.P. Kerza-Kwiatecki, H.E. Gendelman, M. McCarthy, A. Nath,
E.R. Podack, P. Shapshak, and C.A. Wiley. 1999. Review: neuronal injury in HIV
infection. J Neurovirol 5, no. 4:327.

Lee, R.K., J.P. Cai, V. Deyev, P.S. Gill, L. Cabral, C. Wood, R.P. Agarwal, W.
Xia, L.H. Boise, E. Podack, and W.J. Harrington, Jr. 1999. Azidothymidine and
interferon-alpha induce apoptosis in herpesvirus-associated lymphomas. Cancer
Res 59, no. 21:5514.

Yamazaki, K., G. Spruill, J. Rhoderick, J. Spielman, N. Savaraj, and E.R. Podack.
1999. Small cell lung carcinomas express shared and private tumor antigens
presented by HILA-A1 or HLA-A2. Cancer Res 59, no. 18:4642.

Yamazaki, K., T. Nguyen, and E.R. Podack. 1999. Cutting edge: tumor secreted
heat shock-fusion protein elicits CD8 cells for rejection. J Immunol 163, no.
10:5178.

Chiarle, R., A. Podda, G. Prolla, E.R. Podack, G.J. Thorbecke, and G. Inghirami.
1999. CD30 overexpression enhances negative selection in the thymus and
mediates programmed cell death via a Bcl-2-sensitive pathway. J Immunol 163,
no. 1:194.

11




26.

27.

28.

29.

30.

31.

32.

Laskarin, G., N. Strbo, V. Sotosek, D. Rukavina, Z. Faust, J. Szekeres-Bartho,
and E.R. Podack. 1999. Progesterone directly and indirectly affects perforin
expression in cytolytic cells. Am J Reprod Immunol 42, no. 5:312.

Schoell, W.M., R. Mirhashemi, B. Liu, M.F. Janicek, ER. Podack, M.A.
Penalver, and H.E. Averette. 1999. Generation of tumor-specific cytotoxic T
lymphocytes by stimulation with HPV type 16 E7 peptide-pulsed dendritic cells:
an approach to immunotherapy of cervical cancer. Gynecol Oncol 74, no. 3:448.
Podack, E.R. 1999. How to induce involuntary suicide: the need for dipeptidyl
peptidase 1. Proc Natl Acad Sci U S A 96, no. 15:8312.

Podack, E.R. 1999. How to induce involuntary suicide: the need for dipeptidyl
peptidase I [comment]. Proc Natl Acad Sci U S A 96, no. 15:8312.

Strbo, N., G. Laskarin, V. Sotosek, L.J. Randic, E.R. Podack, and D. Rukavina.
1999. Modulation of perforin expression in the decidual and peripheral blood
cytotoxic lymphocytes in culture. Am J Reprod Immunol 42, no. 1:14.

Laskarin, G., N. Strbo, V. Sotosek, D. Rukavina, Z. Faust, J. Szekeres-Bartho,
and E.R. Podack. 1999. Progesterone directly and indirectly affects perforin
expression in cytolytic cells [In Process Citation]. Am J Reprod Immunol 42, no.
5:312.

Sotosek, V., G. Laskarin, N. Strbo, G. Dohr, A. Blaschitz, E.R. Podack, and D.
Rukavina. 1999. Decidual macrophages are the population of decidual adherent
cells which regulates perforin expression in cytolytic cells [In Process Citation].
Am J Reprod Immunol 42, no. 2:76.

12



